Introduction
Caesalpinia gilliesii, C. pulcherrima, C. sepiaria and Delonix regia are known ornamental and firewood plants distributed throughout subtropical and temperate regions (Mabberley, 1987& 1997 Huang & Huang, 1991) . They belong to tribe Caesalpinieae and subfamily Caesalpinioideae of the Leguminosae (Polhill & Vidal, 1981) . The related taxa C. gilliesii, C. pulcherrima and Delonix regia have been either merged in one genus i.e. Poinciana (Bentham, 1865; Taubert, 1894; Melchior, 1964) or delimited in the two different genera Caesalpinia and Delonix (Pettigrew & Watson, 1977; Polhill & Vidal, 1981; Puy-DJ-du et al., 1995) . Taxonomic relationship of these taxa; have attracted the attention of taxonomists not only because their classification is limited to a very few -38-characters (Lersten & Curtis, 1994; Rudall et al. 1994) but also because of the unclear boundaries and the confusion in nomenclature between them (Kit et al., 1994; Shehata, 1997) .
Several taxonomic studies have been carried out to discuss relationships of the Caesalpinia and Delonix either at the specific or at the generic level using different criteria. Nageshwar et al. (1984) and Prabha-Choudhary & Choudhary (1987) analyzed the phytochemical structures among a number of species and pointed out the close relationships between C. pulcherrima and each of C. sepiaria and D. regia, respectively. Lersten and Curtis (1996) surveyed secretory structures of leaf in the Caesalpinieae and scored some differences between C. gilliesii, C. pulcherrima and D. regia. Shehata (1997) studied the morphological, anatomical & embryological features in the latter three taxa and pointed out the similarity of their embryological characters and differences in some morphological and anatomical features. However, no previous studies have used the seed protein electrophoresis or seed coat surface criteria to discuss the relationships among the four taxa.
Seed protein banding patterns as revealed by polyacrylamide gel electrophoresis in the presence of Sodium dodecyl sulfate (SDS-PAGE) have provided a valid source of taxonomic evidence for addressing taxonomic relationships at both the generic and specific levels (Ladizinsky & Hymoitz, 1979; Cook, 1984; Badr, 1995) . Variations in SDS-PAGE of seed protein profiles have successfully been used to differentiate between species in a number of genera, for example Vigna (Paino et al., 1993) , Trifolium (Badr, 1995) , Phaseolus (Schmit et al., 1996) and Lathyrus (El-Shanshoury, 1997) . Similarly, scanning electron microscopy (SEM) of seed coat surface was found useful in the identification and classification of various taxa (Barthlott, 1981) . A comparison of surface scan patterns of the seed coat has efficiently been used in studying species of some genera including Vigna (Kumar et al., 1984) , Cassia (Ponomarino et al., 1990; Bhattacharya & Saha, 1991) , Sesbania (Seth &Vijayaraghavan, 1991) and Vicia (Chernoff et al., 1992) .
On the other hand, macromorphological characters can help in solving taxonomic problems and must not be ignored in reconstructing plant relationships and phylogeny (Werff & Endress 1991; Donoghue & Sanderson, 1992) . Macromorphological criteria were used to reassess the relationships among various plant families and genera eg. Rohrer et al ., (1991) and Robertson et al., (1992) on the Rosaceae, Kadereit et al .,(1994) on the Papaveraceae and Sun & Chung,(1986) ; Rohwer,(1994) on the Lauraceae .
In the present work, SDS-PAGE of seed protein patterns, SEM of seed coat surface criteria and selected macromorphological attributes were used to provide more information about the taxonomic relationships between Caesalpinia gilliesii Wall., C. pulcherrima Sw., C. sepiaria Roxb. and Delonix regia Raf .
Materials and Methods
Seeds of the examined taxa (Table 1) were collected from plants growing in the Botanical Garden of the Faculty of Education, Ain Shams University, where voucher specimens are kept at the Department of Biological Sciences and Geology. To extract seed proteins, hree replicas of 0.5 g of mature seeds were mixed; each with an equal weight of pure, clean, sterile fine sand and powdered using a mortar and pestle and homogenized with 0.2 M Tris-HCl buffer, pH=8 for 1h at 4 C. The extract was centrifuged at 12000 rpm for 10 min. The supernatant (protein extract) was transferred to new tubes and immediately used for electrophoresis or kept at -20 C. For electrophoresis, 40 l of the extract were mixed with an equal volume of a sample buffer (0.125 M Tris-HCl, pH 6.8, 2% SDS, 10% sucrose, 0.5% -mercaptoethanol and 0.1% bromophenol blue as a tracking dye), denatured by boiling for 5 min in a water bath and cooled. Then, 20 l of this mixture were loaded in 12.6% slab gel, which was prepared as described by Lammeli (1970) . Electrophoresis was carried out in Tris-Glycine buffer (pH=8.3) at 4 C and 125 volt for 2h using a Pharmacia low-molecular weight protein mixture as standard. Gel was then stained in 0.1 % Comassie Brilliant Blue R-250 for 1h, destained and photographed while wet and stored for subsequent examination. Total bands in the produced electropherogram were scored and their molecular weights were calculated using the standard protein marker (Table 2 ).
For the study of the seed coat surface using SEM technique, two seeds were mounted with colloidal silver on copper stubs, coated with a thin layer of gold in Polaron E 5000, the epidermal seed coat was photographed by a JEOL-T-Scanning Microscope at a magnification of 750, at the Electron Microscope Unit, Faculty of Science, Alexandria University. The terminology of Stearn (1966) ; Stant (1973) ; Barthlott (1981) and Boesewinkel & Bouman (1984) were used to describe the seed coat characteristics (Table 2) . Macromorphological characters were obtained from relevant literature (Bailey, 1949; Bean, 1950; Bailey & Bailey, 1976; Wyman, 1977; Hillier, 1981; Mondadori, 1982; Mabberley, 1987; El Hadidi & Boulos, 1988; Ibrahim, 1996; Mabberley, 1997 and Shehata, 1997) . (Table 3) . For data analysis, the recorded characters in each taxon i.e.SDS-PAGE protein bands, SEM features of seed surface, and the selected macromorphological characters were coded as in Tables 2&3 and used for creating the data matrix. Two phenograms, illustrating the relationships between the studied taxa were then constructed by calculating the average taxonomic distance (dissimilarity), using the NTSYS program package for IBM-pc as described by Rohlf (1993) . One phenogram was based on the data of SDS-PAGE and SEM seed surface, and the second , on all features combined.
Observations
The produced banding patterns of seed protein SDS-PAGE technique of the taxa studied are shown in fig. 1-A , and the micrographs of the SEM patterns of the seed coat surface in each of the taxa studied are given in fig. 1-B . Summary of SDS-PAGE and SEM characters and their codes are given in table 2. The phenograms illustrating the relationships between the taxa studied is presented in figs. 2 & 3. A total number of 22 protein bands with molecular weight (MW) ranging between 99.5 Kilodalton (KD) and 15.4 KD were recorded in the electropherograms of the four taxa ( Fig. 1-A & Table 2 ). The highest number of bands (16) was recorded in Delonix regia, while the lowest band number (10) was observed in Caesalpinia sepiaria. Meanwhile, 12 and 15 protein bands were recorded in C. gilliesii and C. pulcherrima respectively.
Spermoderm of Caesalpinia gilliesii ( Fig. 1 -B & Table 2 ) was characterized by having striated irregularly ruminate, very thick, wavy, raised anticlinal walls, and illdefined periclinal walls. C. Pulcherrima spermoderm differed from the above mentioned species in the following aspects:-polymorphic reticulate shape, slightly thick anticlinal walls and the smooth concave periclinal walls. C. sepiaria spermoderm is similar to that of the latter species except for the monomorphic reticulate shape and the thick slightly wavy anticlinal walls. Delonix regia spermoderm is similar to that of the above-mentioned species except for the very thick anticlinal walls and the papillate; slightly concave periclinal walls.
The phenogram constructed according to the analysis of the combined SDS-PAGE and SEM characters (Fig. 2) revealed the delimiting of the studied taxa into three major phenetic lines; the first one included only C. gilliesii and was clustered with the second line including C. pulcherrima and Delonix regia at the dissimilarity level of 1.42. The latter two taxa were clustered together at the dissimilarity level of 1.12. The third line included only C. sepiaria and that was delimited as a separate phenetic line.
One the other hand, the phenogram constructed according to the analysis of all characters (SEM,SDS-PAGE and selected macromorphological characters, clearly delimited C. gilliesii from the other three taxa. However, C. sepiaria was also to a large extent, differentiated from D. regia and C. pulcherrima ) (Fig .3) .
Fig. 2:
The phenogram illustrating the relationships between the taxa studied (numbered as in Fig. 1 ) based on the variation in the combined SDS-PAGE of seed protein and SEM of seed coat surface characters.
Fig. 3:
The phenogram illustrating the relationships between the taxa studied (numbered as in Fig. 1 ) based on the variation in the combined SDS-PAGE of seed protein and SEM of seed coat surface and selected vegetative macromorphological characters.
Discussion
Bentham (1865), Taubert (1894) and Melchior (1964) have merged the related taxa C. gilliesii, C. pulcherrima and Delonix regia in the genus Poinciana as they are morphologically characterized by the tree or shrub habit, the unarmed or prickly bipinnate leaves, the terminal or axillary racemes of showy flowers, the androecium of 10 stamens with many staminodes, and the dorsifixed anthers. Pettigrew & Watson (1977) and Polhill & Vidal (1981) delimited these three taxa in the two related genera Caesalpinia and Delonix based mainly on the variation in habit and pod and seed characters. The relationships based on average taxonomic distance between the studied taxa using SDS-PAGE & SEM criteria (Fig. 2) clustered C. gilliesii, C. pulcherrima and D. regia in one major group at the dissimilarity level of 1.42. Meanwhile, C. gilliesii was distinguished from the other two taxa that clustered together showing a closer relationship between C. pulcherrima and D. regia. Although C. gilliesii was closer to the cluster of C. pulcherrima and D. regia than C. sepiaria, yet, the degree of dissimilarity between C. gilliesii and the other two taxa clearly indicate a considerable difference between them. Consequently these results do not support the grouping of C. gilliesii, C. pulcherrima and D. regia in one genus as done by Bentham, (1865); Taubert, (1894) and Melchior, (1964) . Moreover, the present results contradict the grouping of C. gilliesii, C. pulcherrima in one genus and the separation of D. regia in another genus as done by Pettigrew & Watson, (1977) and Polhill & Vidal, (1981) .
C. gilliesii, C. pulcherrima and D. regia were grouped together due to the presence of the protein bands numbered 14, 16 & 20 with MW of 25.2, 21.3, & 16.5 KD, respectively , and the absence of band number 13 with a MW of 27.6 KD in addition to the undulation of anticlinal walls as revealed by SEM of seed coat surface data. C. gilliesii was distinguished from C. pulcherrima and D. regia due to absence of the protein bands numbered 5, 9, 11, 18 & 22 with MW of 58.3, 38.5, 32.3, 18.6 & 15. 14 KD, respectively and the presence of the bands number 19 & 21 with MW of 17.8 & 16.0 KD respectively in addition to the ruminate shape, striated anticlinal walls and the ill-defined shape of periclinal walls .
SDS-PAGE data have revealed that C. pulcherrima and D. regia share 12 out of the 22 recorded protein bands. This relatively high number of common recorded bands was indicative of their common origin as observed between species of some other genera e.g. Sesbania (Saraswati et al. 1993; Badr et al., 1998) and Lathyrus (El-shanshoury 1997) . SEM of seed coat data have revealed that both species are similar in the undulation, absence of striation , raised anticlinal walls, as well as the slightly concave shape of periclinal walls. Thus, the evidence obtained in the present study may indicate the possibility of merging C. pulcherrima with D. regia in the genus Delonix. Nageshwar et al. (1984) have pointed out a close relationship between C. sepiaria & C. pulcherrima based on the similarity in steroids & phenol compounds. However, according to the present data it is clearly evident that these two species are quite different as they do not cluster together due to the absence of protein bands numbered 5, 9, 11, 14 & 20 with MW of 58.3, 38.5, 32.3, 25.2 & 16 .5 KD respectively and the presence of bands numbered 13 & 19 with MW of 27.6 & 17.8 KD respectively in C. sepiaria. SEM data have also revealed that the latter species is different due to the reticulate polymorphic, undulated and slightly thick anticlinal walls.
The phenogram constructed, utilizing all characters, Fig (3) furtherly supported the close similarity between C. pulcherrima and D. regia as the two taxa clustered at the dissimilarity level of 1.22. Yet according to the analyzed characters, C. sepiaria was more close to C. pulcherrima and D. regia than was C. gilliessii. Prabha-choudhary & Choudhary (1987) also observed the close relationship between C. pulcherrima and D. regia based on phytochemical criteria including the similarity in phenol compounds extracted from fresh basal leaves. Shehata (1997) recorded a considerable number of embryological characters that are shared by C. pulcherrima & D. regia including that of anther, ovule and integument. She also pointed out the similarity in a number of morphological and anatomical features in these two taxa including those of androecium, gynoecium, trichomes, leaves and stem.
Clustering of all the taxa studied at considerably high degree of dissimilarity i.e. the level of 1. C. gilliesii was shown to be standing apart from the other three taxa studied by some aspects:-ruminate spermoderm; smooth glabrous persistent grayish green bark; alternate pinnae arrangment on leaf rachis; dark green leaves; glandular pubescent floral parts. The geographical distrubution of this taxon is also different from the other three taxa. Its origin is in temperate regions (Argentina and Chile), while the others are centered in the tropics (Central America, India and Madagascar). In Egypt, it flowers in late winter and early spring, while the others flower in summer. Thus further research is still needed on this taxon in particular, to elucidate its relationships with the other taxa included in Caesalpinia , and other genera in the Caesalpineae .
